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Technical Lesson 21 

ELECTROMAGNETIC WAVES 


Electromagnetic waves constitute a form of energy in the trans¬ 
mission of Radio and* in a way* possess some of the general 
characteristics found in the transmission of radiant heat* sound 
and light waves. For example* when a violin is bowed the strings 
are set into vibration creating sound waves® The flame of a candle 
sets up vibrations creating waves which* on passing the eye* pro¬ 
duce the sensation of light® 


In Radio transmission a disturbance is created at the source which 
moves away through space in the form of electromagnetic waves,, Where~ 
ever wave motion is created it always represents a form of energy 
which is transmitted through a medium having the ability to conduct 
the particular wave in question® 



Figure 1 


Sound waves are transmitted toy a condensation 
and rarefaction of air particles® 

Whenever wave motion is present it is always 
caused by a vibration of some form at its 
source® To produce a radio wave* then® we 
must set up electrical vibrations at the trans 
mltting source® 

From the study of sound you remember we found 
that a sound wave was created by vibrations 
and that this wave had frequency* velocity* 


and length (wave length)® The electromagnetic wave also has these 
same properties and they are ail definitely related to one another® 

The frequency is expressed* you will recall® in cycles® When the 
frequency of electrical current reaches 1000 cycles* it may be then 
called on© kilocycle* (kilo meaning one thousand)® In radio trans¬ 
mission the frequency is spoken of in terms of kilocycles because of 
the extremely high frequencies employed for broadcasting work* ranging 
from 550*000 to 1*500*000 cycles per second® Since 1000 cycles equal 
one kilocycle we can use the more convenient term to work with® For 
example* dividing 55b*000 cycles by 1000 will give us 550 kilocycles 
and in the same manner 1*500*000 cycles will be equal to 1500 kilo*, 
cycles® The frequency of the broadcast range varies from 550 K 0 G® 
(kilocycles) to 1500 K*C« (kilocycles)® 




As explained in the previous lesson a wave has two motions which are 
opposite*- one the crest* and the other the trough® Wave length is 
determined by measuring from a point on one wave to a similar point 
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on the next wave as, for example, from crest to crest or trough to 
trough. This is graphically shown in Figure 1* 

The velocity of sound waves is about 1,100 feet per second* Electro¬ 
magnetic, or radio waves, however, travel at 0 * 39*37 

nearly 300 , 000,000 meters per second (one meter is equal to 39*^ 
inches, or 3*280 feet) which is approximately 186,300 miles per 
second The relation between these properties is definite and, 
considering the velocity a definite value, the frequency and wave 

length can be varied* 

This brings us again to the basic formula given in the study_of sound* 
Velocity's equal to the frequency times the wave length, V -f x 
■pvpnuencv equals velocity divided by the wave length, F «- V »7S. 1Jr J e 
wave length is equal to the velocity divided by the frequency ,7\- V^F. 
(lambda) is the symbol for wave length* 

lenS?h is fSorU q Le^is use our formula to prove this loosing an 
arbftrary frequency as, for example, 600,000 cycles and, with a ve- 
locity of 300,000,000 meters* 


300,000,000 


or, "\\ - 500 meters 

Suppose our frequency is increased to 7,500,000 cycles per second^ 
then v 

In = * 


Is = 


300.000,000 


or, IN = 40 meters 

Now decrease the frequency to 20,000 cycles per second. 


~K = 

ls = 


300,000,000 


or 'hs 15,000 meters 
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Thus it is seen that, as the frequency is increased, the wave length 
"becomes shorter and when decreased the wave length becomes longer, as 
sho^ by the diagram Figure 2, The relation existing between frequency, 
velocity, and wave length is always the same, as shown by the foregoing 

formulae• 

Radio waves are classified as continuous and damped. A continuous 
wave abbriviated (CW), is one whose oscillations producing the wave 
willVe' of constant amplitude, providing the electrical energy produc¬ 
ing the wave is kept at a constant value. Damped waves are those set 
up by energy which is supplied by the transmitter at intervals; such 
waves gradually die out according to a logarithmitic law which will 
be considered later under transmitters. 

If you set a violin string into vibration by one short quickly executed 
stroke of the bow the vibrations will produce a sound-wave, the form of 


i r 


SHORT WAVE 


i-LONG WAVE-> 




HIGH FREQUENCY 


LOW FREQUENCY 


DAMPED WAVE 


CONTINUOUS WAVE 


Figure 2 Figure 3 

which will be damped, that is, the vibration of the string will be of 
maximum amplitude at first and the resulting wave motion will produce 
a 3oud sound which will gradually die away. A damped wave form is 

shown in Figure 5 @ 

If the violin string could be bowed uniformly and in a manner that 
would keep the string vibrating continuously at a constant amplitude 
the resulting wave would be continuous thus producing a steady sound. 
Such a continuous wave form is also shown in Figure 3 and represents 
a graphic picture of the continuous radio wave. 

Undamped (continuous) oscillations of very high frequency must be 
employed in broadcast transmission. The frequency of this current 
is too high to be audible. The wave produced by such rapid elec¬ 
trical vibrations serves no purpose in this form, first, because 
the diaphram of the telephone receiver or loudspeaker could not 
follow such a rapid reversal of current and, second, even if the 
telephone diaphram could follow such rapid vibrations the ear would 
not respond to the vibrations produced® 

It will be remembered from the lesson on sound that the wire telephone 
transmitter is employed to modulate, that is, change the current fl 
ing through the transmitter® This was accomplished by the sound waves 
causing the diaphram of the transmitter to vibrate at the of 

these sound waves, thus compelling the carbon granules to vary- 
pressure. This change in their pressure varies their resistance causing 
the current to vary in accordance with the vibrations of the diaphram. 
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In Radio telephony the ^he use of a^elephone transmitter 

oscillations are modulated by the use oi^a as that of 

(the microphone) wl ?^ h ^ives the^ t^ The lnaudib i e , high 

the sound wave coming f ‘ +-he carrier current, cannot 

frequency osciliating cur: r ?» the Q hanges in this current produced 
be heard in the receiver, toT> (when correct adjustments are main- 
by the action of , t ^ e . ^ ^!, cuit ) wi ] 1 follow the wave forms of 

“ss &ss ,ns:K'tS r s"US, »»*» «- 

receiver® 

Figure 4, consisting of an a «tenria, an a a ”°® r0 ph 0 £e^ shovn^a very 

antenna, the high frequency aite:Senerttion and modulation of undamped 
simple means for illustrating fee genera-tion a waves 3trlke 

continuous high frequency ^ re “as shown in Figure 5 are 

to tw tranamlttlng «»»». 

dSpSm"iS? p tt”;«»««. n I. 


HIGH 

frequency 

GENERMOR 

/'~\V 


MICROPHONE 



Figure 5 


Figure 6 


of the carbon granules 

SMSo S j££3 resulting i^a^change in -P^de^the antenna 

the 1 "sound wav" &ore the microphone. Figure 6 shows 

a modulated carrier wave. 

When these electromagnetic waves pass a receiving^an^ cori&vct l A t0 

raw 

nrUT -or* « 

1,4 ” s ” " p ll “ 

covered by referring to Figure 7. 

A suitable apparatus for producing ^y l P®^ r °^ t i 3 U passed S through the 
modulating^apparatus^at^C. The transmitting antenna is shown at G. 
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uDon the microphone the high 

When r.o aound vibrations are imping®^? and uni f 0 rmly in the antenna 
frecuency current osciha^ caused hy speech or music* are produced 

as shown at D. When sound waves, , eau electrical frequencies which 

at the microphone they cr ® a *f *^ d ^ations on the high frequency, or 
superimpose the speech and music vibratl^ muslc waves with carrier 

carrier wave D, In combining h frequency carrier wave is changed 

wave at the modulator high frequency ^ ^ Qf 

in form, and the contour of a line 3t)e ech and music sound waves 

sa rara^ss, jss:H&-^„svs5‘s«ss 

sr.™ l 


MICROPHONE 


APPARATUS FOR 
MODULATING THE 
HIGH FREQUENCE 
CURRENT OF THE 
TRANSMITTER 
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Figure 7 

functions in such a manner as to .ss 1 * SL’*if;sSd° s tSi".x i» 

KSSw .»d”„f siSwfd “ ”;.«rs. 

tuning, the operator is enaDtea to 

When the selector of the receiver amplifier' 

the modulated carrier I the feeble received current 

tff streSth Xich'wfli satisf aotorily^perat^the^etecto^L. 

de ^rent I 'and' : allows r the°audible component, (this audible component being 
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by the shape of the wave, as In Figure 6, which corresponds 
exactly to the shape of the carrier produced at the transmitter), 
to pass as shown at M* This transformed current M is now amplified, 
as shown at 0, to the strength suitable to operate a loud speaker* 
The receiver converts the electromagnetic waves tack to sound waves, 
reproducing the sound produced at the microphone of the broadcasting 
station* 

The explanation of the apparatus necessary for transforming the 
electromagnetic waves into sound waves will now be given under 
receiving apparatus® 


RECEIVING APPARATUS 

Regardless of the type of the radio receiver employed it must consist 
of the following parts® The antenna system, tuner, detector, and tele 
phone headset or loud speaker© 


THE ANTENNA 

The antenna system :1s necessary to intercept the transmitted electro¬ 
magnetic waves ® It may 'be a single wire strung between two poles, 
between the side of a building and pole, or it may be located inside 
the house, as, for example, in the attic or around the mouldings of 
the room® Another form of antenna is the loop antenna which is used 
in locations where other forms of antennae are impracticable, or with 
a receiving set primarily designed to operate with this type of antenna® 

The antenna, also called the aerial, is a system of conductors designed 
for radiating or absorbing electromagnetic waves® An antenna designed 
for radiating electromagnetic waves is employed at the transmitting 
station® The antenna designed for absorbing electromagnetic waves is 
employed at the receiver© 

There are several forms of receiving antennae found in general use© 

They are the so called L and T type, the inside type, and the loop 
antenna© In general only a single wire antenna is used for broad¬ 
cast reception® It is more efficient than an elaborate system 
comprising several wires© The L type antenna consists of a hori«= 
zontal wire having a vertical lead-in which is attached to the 
horizontal part of the antenna nearest the receiving set® This 
form of antenna is easily installed whereever the wire can be run 
from one build,ing to another, as from the house to the garage® 

The T form of antenna consists of a horizontal wire like the L type, 
but instead of the lead-in being taken from the end, it is connected 
to the center of the horizontal wire® This form is generally employed 
when the lead-in can be dropped directly to the receiver® The L and T 
antennae are outdoor types and they are usually the most satisfactory® 

They should range in length from 65 to 150 feet, and b© elevated at 
least 30 feet from the grounds No® 14 seven strand copper wire, or 
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draws. should.be used in the construction of the 

anteniia® In sections where excessive smoke, acid or other fumes are 
prevalent, the enameled form of antenna wire is best. The enamel 
serves as a protection from the corrosive effects of the smoke and 

fume s . 

With the single wire antenna two strain insulators are placed at each 
end of the antenna wire and serve to insulate the antenna from sup¬ 
ports to which it is fastened* The insulator is necessary to prevent 
leakage of the electromagnetic energy which has been picked up by 
the antenna® Insulators for this purpose are made of substances which 
are non-conductors of electricity® Pyrex glass, glazed porcelain, and 
special impregnated compositions are used as insulators® 

When the antenna is to be run along the side of a building ”stand off" 
insulators should be used to hold the lead-in at least 4 or 5 inches 
away from the side of building® 


INSULATOR-*, ,SOLO£REO SPLICE 

0 x'' 4 


■•ANTENNA IN-SULATOW 

/ _ jCa 


ANTENNA POLES—*- 


SIDE OP 
BUILDING''-, 


PORCELAIN 
TUBE INSULATOR,, 


Go 


#14 COPPER. 
WIRE '*•■- 


WATER PIPE 
GROUND 


I LEAD IN 

\ STAND OFF 
? -INSULATOR. 

/ 


UGHTNING 

-ARRESTER. 


PROTECTIVE GROUNDING 
CONDUCTOR. #14 COPPER 
"OR #17 STEEL ClAO OR 
BRONZE. 


Figure 8 

a niTfpplain tube insulator is employed for leading the wire into the 
building® The tube will vary from 8 to 16 inches in length, depending 
upon the thickness of the wall® 

The window strip lead-in is used where it is undesirable to drill an 
opening in the wall of a building for the porcelain tube type ox lead- 

in insulator® 

A lightning arrester of a type approved by the Fire Underwriters is 
necessary to complete the antenna installation® 

INSTALLATION 

Figure 8 is a diagram showing the installation of an L type single 
wire antenna® Whenever possible plan the installation so that the 
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horizontal part of the antenna will be from 65 to 100 or 150 feet in 
length* At least 30 feet should separate the horizontal part of the 
antenna and ground* Should it be necessary to install the antenna 
on the top of a building# a clearance of twelve to fifteen feet is 
allov/ed between the horizontal wire and the roof® 

Figure 8 shows the lead-in soldered to the horizontal part of the 
antenna* If possible run the horizontal part from the far insulator 
through the insulator at the receiver end* through the stand off insu¬ 
lators to the lightning arrester# using a continuous length of wire 
as shown in Figure 9# thereby avoiding soldered joints® 

From the antenna side of the lightning arrester the lead-in is continued 
through the porcelain tube® When the porcelain tube lead-in insulator 
is used a hole is bored in the window casing at an angle as shown in 
Figure 8® There are various kinds of lead-in devices,,- some are flat 
copper ribbon covered with an insulating fabric# called window strips» 
Such a device is laid over the window sill and the window closed tightly 
on it. Other methods may be used# as# for example# using a board about 
two inches in width and the length of the window# inserting the porcelain 
insulator through the board and then closing the window on it as shown 




in Figure 10* This part of the installation will have to be governed 
by the wishes of the owner of the house. The lead-in is then connected 
to the binding post of the receiver marked A# or antenna® From the 
binding post on the receiver marked G# or ground# a wire is connected 
direct to the ground. This should be No* 14 B & S guage rubber covered 
insulated wire® A smaller wire may be used from receiver to ground pro« 
vided a No, 14 wire is connected from lightning arrester to grounds 

THE LIGHTNING ARRESTER 

The lightning arrester is a device employed in the antenna instal¬ 
lation to protect the receiving set from heavy electrical charges 
absorbed by the antenna® An antenna does not attract lightning to 
a greater extent than electric light and telephone lines® It should 
be tinder stood that# if lightning directly strikes an antenna# electric* 
light# or telephone wire# no arrester will offer absolute protection® 

When an atmospheric storm is in progress# however# there is always an 
electrical charge accumulating on the antenna® It is this charge which# 
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on becoming sufficiently strong, is carried harmlessly to ground by 
t v, e a-rest-er »nd the protective grounding conductor. These undesira¬ 
ble charges do not pass through the various parts of the receiver. 

All antenna systems should be equiped with some form of approved 
lightning arrester. 

The lightning arrester consists of two electrodes securely supported 
and separated from each other hy an air gap* as shown in Figure 11® 

The spacing of this air gap is such that excessive charges accumulat¬ 
ing on the antenna will jump the gap and pass directly to ground, thus 
preventing a heavy charge from passing through the receiving parts @ 

BAKEUTE, RUBBER 


ADDITIONAL SWITCH 
IN ANTENNA LEAD,! 


mm 

9 


lightning 

SWITCH 

SHUNTING 

ARRESTER. 


Figure 11 



SLGTS^ 
FOR WIRE 


TO -a- 
RECEIVER 


BOX TYPE LOOP 


SPIRAL TYPE LOOP 


Figure 12 


INDOOR ANTENNAE 

The indoor antenna should he insulated wire unless the supports on 
which the wire is run are, in themselves, insulators* The same rules 
and precautions should he exercised in indoor installations as in 
outdoor,”- the more careful the installation the better the resulb 

obtained® 

ft single straight wire may be installed in a long attic in the same 

rr&jrjs&s rs tr^srKJ'ys 11 .: h ”; 

KSttS Si? t-fSisfsrioS ■« 

case°should be insulated, but cleats are unnecessary, 

Any of these indoor antenna ype'fndf 

installed in ffifrime buildings, the decrease in signal strength 
may be Quito marked© 
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LOOP ASTSHHAB 

iTn^r certain conditions the coil, or loop, antenna will give very 
S-fr^. loop antenna wire 

Square a" Some loops are oblong In shape. Figure 12 shows two forms 
of loops * 

. nf Size, cannot be used for distant reception 

The loop, because o £ sed tQ grea tiy amplify the minute energy 

loopo t (The "super-heterodyne” receiver operates most 
absorbed by ) There are several good features 

g"1£s m a:ss^-fiys* susis*. 

ss a s- 

exception of nearby powerful transmitters® 
and clear signals® 

UNDERGROUND ANTENNAE 

Electromagnetic waves penetrate the surface of the * ® h ort 

hiectromagi.j ,strength® This is taken advantage of in the 

is very pronounced® 

This tvpe of antenna should be made of No. 14 hard drawn copper wire 
xelst 75 feet In length and insulated by a quarter inch thickness 
of good rubber insulation. It should be buried to a depth of from 8 
inches to two feet, preferably in moist ground. 

The signal strength received by the underground aerial is very small 
and suitable amplification is required to satisfactorily operate a loud 

speaker® 

CONNECTING THE LOOP 

tuner has a coil and condenser in series® 

• j___ nnlv then a condneser must be con 0 ' 

When the tuner ccm^ists of a c the 7 i 00 p and the ground connection 
nected in series with one side of the loop ana * tuning coil 

- p “ ta - 
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multiple wire antennae 

wire antenna may be resorted to. 

Figure 14 shows two forms,- a^two^wire^L^antif least 
type antenna. The P a ^ a ^® lth the two wire form will be slightly 

g feet. The signal strength with^tMtwo^^^^ ^ glngle wlre} 

aimrslgIa C lTtIefgtI of the three wire form will be about one and 
a half times as great as the single wire® 



hr.— 






Figure 14 


Figure 13 _ ,, 

Th e wires in a multiple antenna should he ^len^th 

and should be separated by wood s P^® ad ®H; turn or two and then 

through a hole bored in s ^f £ 0 ^*Xl Sfn of the antenna; 

S £?selulefwitf illula^sfs shown in the three wire form. 

-srs-.S'gif yjsjsrs sss i&ssstst.’a^sr 

THE COUNTERPOISE 

, prpeted underneath the antenna© 

The counterpoise is a system ° f ™Hnd. from two to 10 feet, and 

It may be placed a few feet *J° T ®^Ihlnd shape, of the horizontal part 
ff°Ihe Ilte™a. th lt de is 1 ftill belterfhowever, to have it cover a greater 
space than that covered by the antenna proper. 

If the antenna is erected on 

may be located in the attic unde otllise ’it is better to place 
IfSect e iy r uIder S tIe 0t ant:nnfablvl the roof. The counterpoise, when 
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employed, takes the place of the ground, and in locations where the 
earth is very dry it will give tetter results than the ground. The 
same rules in installation apply as those followed in errecting an 

antenna® 

RIGHT AND WRONG ROOF INSTALLATIONS 

The two illustrations in Figure 15 show the correct and incorrect 
methods of erecting supports for antennae on roof tops® 











Figure 15 

fire underwriters regulations 


those prescribed in articles 1 to 19* inclusive f of this co * 

Transformers 9 voltage reducers, keys and other devices employed shall 
be of types expressly approved for radio operation® 

For Receiving Stations Only ® 

„ Antenna and counterpoise outside buildings shall be kept well 
* electric light or power wires of any circuit of more 

avo?d 6 «°e V possibi?itfo? contlct'betweendhe anle^a^cSu^erpoise 

and such wires under accidental conditions® 
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srsas* .sMssass mss sus^fsi* — 

dental ..contact with such wires by sagging or swinging* 

c splices and joints in the antenna span shall he soldered unless 
made with approved splicing devices* 

be of approved type® 

e. Lead-in conductors shall be of.copper -PP^-^g^^caselhall 

^Lfbfsmalle/than Ho! 14° except that bronze Sr copper-clad steel 
not less than 'No* 17 may be used® 

f. Lead-in conductors onthe out side ofgildings ^hall 

than 4 inches to electric light and P° ® nMC * nducto ; which will maintain 

gz.2»; "-* 11 in ■ Mltl ” *° w 

insulating covering on the wire® 

g. Each lead-in conductor sh f®^^ t bushing d slfntiSg U dpward°tSward 
?hf inswfSr n brmeans P of V aA !pprovedievice designed to give equivalent 
protection® 

Each laad-lr. condactcc .hall h. Pj.jg.d «» “ W|£TV& 

device (lightning arrester) inside the building at 

or less j properly connected and located either in lent t0 a 

some point between the entrance and the set "hic^i^ ^ ^ point 

ground^ or outside the building as near . immediate vicinity 

*„f :ss; ssrssrf «***•» 

dust or flyings of combustible materials* 

1. If an antenna grounding switchis employed,it g shall, £ in its^ 

fritcr^auVtT LK ^substitute for the protective device. 

It is recommended that the antenna grounding^switch 

Seres,llo^volts, be located be¬ 
tween the lead-in conductor and the receiver set. 

. Tf fuses are uge d, they shall not be placed in the circuit from 
the antenna through the protective device to groun . 
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v The protective grounding conductor may be bare and shall be of 

Sonze or approved copper-clad steel. The protective ground- 
inK^conductor shall not be smaller nor have less conductance per unit 
nfhenath than the lead-in conductor and in no case shall be smaller 
?hanSf 14 if copper, nor smaller than No. 17 if of bronze or copper. 
,?; e i The protective grounding conductor shall be run in as 

straight a ‘line afpossible from the protective device to a good 
straight a .line f ferenoe ghall be given to water piping. Other 

permissible grounds are grounded steel frames of buildings or other 
P work in the building, and artificial grounds such as 

g°i^n pipel: r^ pLtes, conesfltc. Gas piping shall not be used 

for the ground* 

L The protective grounding conductor shall be guarded where exposed 
to mechanical injury* An approved ground clamp shall be used where 
the protective grounding conductor is connected to pipes or piping* 

YTi The protective grounding conductor may be run either inside or 
outside the building® The protective grounding conductor and groimd, 
installed as prescribed in the preceding paragraphs K and L, may be 
used as the operating ground® 

It is recommended that in this case the operating 
grounding conductor be connected to the terminal 
of the protective device* 

If desired, a separate operating grounding con¬ 
nection and ground may be used, this operating 
grounding conductor being either bare or provided 
with an insulated covering® 


n wires inside buildings shall be securely fastened in a workmanlike 
manner and shall not come nearer than 2 inches to any electric light 
or^ower wire not in conduit unless separated therefrom by some con¬ 
tinuous and firmly fixed non-conductor, such as porcelain tubes or 
approved flexible tubing, making a permanent separation® This non- 
conductor shall be in addition to any regular Insulating covering on 

the wire® 

„ ^tnraee battery leads shall consist of conductors having approved 
rubber insulation* The circuits from storage batteries shall be properly 
protected by fuses or circuit breakers rated at nor more than 15 am- 
peres and located perferably at or near the battery® 

For Transmitting Stations Only ® 

a. Antenna and counterpoise outside buildings shall1 be w ell 

and such wires under accidental conditions® 
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b, Antenna and counterpoise, where placed in proximity to electric 
light or power wires of less than 600 volts, or signal wires, shall 
be constructed and installed in a strung and durable manner, and 
shall be so located and provided with suitable clearances as to prevent 
accidental contact with such ?/ires by sagging or swingings 

c * Splices and joints in the antenna and counterpoise span shall be 
soldered unless made with approved splicing devices e 

d» Lead-in conductors shall be of copper, bronze, approved copper- 
clad steel or other metal which will not corrode excessively and in 
no case shall be smaller than Ho* 14* 

e. Antenna and counterpoise conductors and wires leading therefrom 
to ground switch, where attached to buildings, shall be firmly mounted 
5 inches clear of the surface of the building, on non-absorptive insu¬ 
lating supports such as treated pte or brackets, equipped with insulators 
having not less than 5 inches ereepage and air-gap distance to inflamma¬ 
ble or conducting material, except that the ereepage and air-gap distance 
for continuous wave sets of 1000 watts and less input to the transmitter, 
shall be not less than 3 inches. 

f* In passing the antenna or counterpoise lead-in into the building 
a tube or bushing of non-absorptive 9 insulating material, slanting 
upward toward the inside, shall be used and shall be so insulated 
as to have a ereepage and air-gap distance of at least 5 inches to 
any extraneous body, except that the ereepage and air-gap distance 
for continuous wave sets of 1000 watts and less input to the trans¬ 
mitter,, shall be not less than 3 inches. If porcelain or other 
fragile material is used It shall be protected where exposed to ^ 
mechanical injury. A drilled window pane may be used in place oi 
a bushing provided ereepage and air-gap distance as specified above 

Is maintained 8 

g* A double-throw knife switch having a break distance of at least 
4 Inches and a blade not less than 1/Q inch by l/2 shall be used tu 
loin the antenna and counterpoise lead-in to the grounding conduceor 
The switch mav be located inside or outside the building* The base 
of the switch"shall be of non-absorptive insulating material* This 
switch shall be so mounted that its current-carrying parts will be 
at least 5 Inches clear of the building wall or other conductors, 
except that for continuous wave sets of 1000 watts and less input 
to the transmitter, the clearance shall be not less than 3 Inches. 

The conductor from grounding switch to ground shall be securely 
supported* 

It is recommended that the switch be located 
in the most direct line between the lead-in 
conductors and the point where grounding con¬ 
nection is made® 

h. Antenna and counterpoise conductors shall be effectively and 
permanently grounded at all times when station is not in actual 
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operation and unattended, at a conductor at least as large a3 the 
lead-in and in no case smaller than No. 14 copper, bronze, or approved 
copper-clad steel. This protective grounding conductor need not have 
an insulated covering or be mounted on insulating supports. The pro¬ 
tective grounding conductor shall be run in as straight a line as 
possible to a good permanent ground,- preference shall be given to 
water piping. Other permissible protective grounds are the grounded 
steel frames of buildings and other grounded metal work in buildings 
and artificial grounding devices such as driven pipes, rods, plates, 
cones, etc. The protective grounding conductor shall be protected 
where exposed to mechanical injury. A suitable approved ground clamp 
shall be used where the protective grounding conductor is connected 
to pipes or piping. Gas piping shall not be used for the ground. 

It is recommended that the protective grounding 

conductor be run outside the building. 


i. The operating grounding conductor shall be of copper strip not less 
than"3/8 inch wide by l/32 inch thick, or of copper, bronze, or approved 
concer-clad steel having a periphery, or girth, of at least 3/4 inch., 
such as No. 2 wire, and shall be firmly secured in place throughout its 

length. 


The operating grounding conductor shall be connected to a good 
permanent ground. Preference shall be given to water piping. Other 
permissible grounds are grounded steel frames of buildings or other 
grounded metal work in the building, and artificial grounding devices 
such as driven pipes, rods, plates, cones, etc. Gas piping shall not 
be used for the ground. 

k. Where the current supply is obtained directly from lighting or 
power circuits, the conductors whether or not lead covered shall be 
installed in approved metal conduit, armored cable or metal raceways. 


L. When necessary to protect the supply system from high-potential 
surges and kick-backs there shall be installed in the supply line as 
near as possible to each radio transformer, rotary spark gap, motor 
and generator in motor generator sets and other auxiliary apparatus 
one of the following 1 


1. Two condensers (each of not less than l/lO 
microfarad capacity and capable of withstanding 
600 volt test) in series across the line with 
mid-point between condensers grounded$ across 
(in parallel with) each of these condensers 
shall be connected a shunting fixed spark-gap 
capable of not more than l/32 inch separation. 


2. Two vacuum tube type protectors in series 
across the line with the mid-point grounded. 
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3» Resistors having practically zero 
ductance connected across the line with 
mid-point groundsd. 


It is recommended that this third method he 
not employed where there is a circulation 
of power current between the mid-point of 
the resistors and the protective ground of 
the power circuit« 


4. Lightning arresters such as the aluminum 
cell type• 


AHTXNNA TROUBLES 
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been used to prevent the antenna from breaking due to excessive sway¬ 
ing of supports * 

EXAMINATION - LESSON 21 

1. The frequency of a certain station is 1,250*000 cycles. What is 
it ! s frequency in kilocycles? 

2. What is the wave length when the frequency is 566,000 cycles? 

What is a continuous wave? 

4 a Of what particular use or uses is the antenna? 

What is the velocity (approximately) of a radio wave expressed 
in terms of meters? 

6. What precautions should be taken when installing antennae? 

V » What is a lightning arrester? 

8© What is the protective grounding conductor? What size of wire 
should be used for this purpose? 

9® Is grounding on a gas pipe permissible? 

10, What are some of the types of antennae employed for receiving 
purposes? Make diagrams of at least three types® 
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